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1. Experimental details 
 
All chemicals were used without further purification unless stated otherwise. Mg2Si (99+%), 4-
bromo-1-butene (≥98%), iodine (≥99.8%), Thioglycolic acid (99+%), bromine (puriss) 
triethyleneglycol monomethyl ether (purum), p-toluenesulfonic acid (reagent grade), thioglycolic acid 
(99+%), toluene (≥99.7% (GC)), chlorobenzene (99.9%), 2,2’-dimethoxy-2-phenylacetophenone 
(99%), 2-mercaptoethanol (≥99%), 4,4'azobis(4-cyanovaleric acid) (purum) and potassium tert-
butoxide (95%)  were purchased from Sigma-Aldrich. n-Octane (97%, pure, dried over Na wire before 
use) and thiourea (99%) were purchased from Acros. THF (GPC Rectapur, distilled directly before use) 
and Ethanol (Normapur) were purchased from VWR. HCl (for analysis, 37 % in water), 
dichloromethane (reagent grade), DMF (reagent grade) were purchased from Fisher Scientific. 
Thioacetic acid (97%) was purchased from Alfa Aesar. Sodium phosphate monobasic dihydrate (ultra, 
≥ 99%), disodium hydrogen phosphate dihydrate (puris. p.a. ≥ 99%) were purchased from Fluka.  For 
purification of the functionalized Si NPs an Agilent 5 m, 500Å column with chloroform as eluens 
(HPLC grade, Biosolve) was used, unless stated otherwise. DNA was purchased from Iba GmbH, 
Göttingen, Germany, HPLC purified. -Thio- -carboxy poly(ethylene glycol) PEG-MW 3000 Dalton 
and 15-mercapto-4,7,10,13-tetraoxa-pentadecanoic acid were purchased from Iris Biotech GmbH, 
Marktredwitz, Germany and used as received. Agarose (electrophoresis grade) and the 1kb+ DNA 
ladder were purchased from Invitrogen life technologies. 
 
Synthesis and purification of Si NP-ene (1). 
The set-up was kept under argon atmosphere until work-up of the mixture; oven-dried glassware was 
used. To a suspension of Mg2Si (0.5g , 6.5 mmol) in Ar-bubbled n-octane (500 mL) bromine (2.7 mL, 
52 mmol) was added. Additional bromine (2.7 mL, 52 mmol) was added via an addition funnel. The 
suspension was stirred for 2 h at room temperature, during which the red-brown color of the bromine 
disappeared completely. The suspension was heated to reflux for 72 h, and during the first 24 h the 
bromine in the addition funnel was added in 5 equal portions. The suspension was kept under argon, 
while the solvent and bromooctane were removed by distillation. To the flask fresh Ar-bubbled n-
octane (500 mL) was added, and the suspension was cooled on ice. To a suspension of Mg curls (2.7 g, 
110 mmol) in freshly distilled THF (200 mL) in an oven-dried setup under argon atmosphere, a 
solution of 4-bromo-1-butene (10 mL, 100 mmol) in freshly distilled THF (10 mL) was added dropwise 
over 15 minutes. An iodine crystal was used to initiate the reaction. After addition of the 4-bromo-1-
butene, the mixture was stirred for an additional 2 h. The solution of 3-butenylmagnesium bromide was 
added via a cannula to the bromine-terminated Si NPs, and a white precipitate formed. The reaction 
mixture was stirred overnight, and MeOH (10 mL) was added dropwise to quench the excess of 3-
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butenylmagnesium bromide. The mixture was stirred for 1 h. The mixture was filtered, the filtrate was 
subsequently extracted with aqueous HCl (1M) (1×), distilled water (3×), and the organic layer was 
dried over MgSO4. Solvent was removed under reduced pressure and the Si NPs were further purified 
using biobeads S-X1 with EtOAc as eluens, yielding 30 mg Si NPs as an orange wax.  
 
Synthesis triethyleneoxide-tosylate monomethyl ether (MeO-EO3-OTs, 12) 
To a solution of triethyleneglycol monomethyl ether (6.63 g, 40.3 mmol) in THF (10 mL) a solution 
of NaOH (2.86 g, 71.5 mmol) in water (10 mL) was added. While bubbling with N2 gas and cooling 
with ice, a solution of p-toluenesulfonyl chloride (7.85 g, 41.9 mmol) in THF (12 mL) was added 
dropwise over 30 min. The solution was stirred overnight while warming to room temperature. The 
reaction mixture was extracted with diethyl ether (3×), and the combined organic layers were extracted 
with water (3×), until the pH of the extract was neutral. The organic phase was dried over MgSO4, and 
solvent was evaporated, yielding a white powder (10.47 g, 82%). 
1
H NMR (CDCl3, 400 MHz)  7.8 ppm (d, 2H, CH-C-SO2), 7.3 ppm (d, 2H, CH-C-CH3), 4.15 ppm 
(q, 2H, SO2-O-CH2), 3.67 - 3.52 ppm (m, 10H, CH2-O), 3.36 ppm (s, 3H, CH3-O), 2.43 ppm (s, 3H, 
CH3-C), in accordance with literature.
[1]
 
 
Synthesis 2-(2-(2-methoxyethoxy)ethoxy)ethanethiol (MeO-EO3-SH, 13) 
To a solution of  MeO-EO3-OTs (12) (10.47 g, 32.9 mmol) in ethanol (20 mL) thiourea (2,85 g, 37.5 
mmol) and water (14 mL) were added. The solution was refluxed for 3 h under N2. A solution of NaOH 
(1.61 g, 40.1 mmol) in water (10 mL) was added, and the reaction mixture was refluxed for 2 h. The 
reaction mixture was cooled to room temperature and the volume was reduced to 20 mL, diluted with 
10 mL water and neutralized with concentrated HCl. The solution was extracted with dichloromethane 
(3×), the organic phase was dried over MgSO4 and the solvent was evaporated. The resulting colorless 
oil was purified over a silica column using a gradient of diethyl ether in heptane, yielding a colorless oil 
(5.38 g, 74%). 
1
H NMR (CDCl3, 400 MHz)  1.58 ppm (t, 1H, SH), 2.70 ppm (q, 2H, CH2-SH), 3.38 ppm (s, 3H, 
CH3-O), 3.54 - 3.66 ppm (m, 10H, CH2-O). 
13
C NMR (CDCl3, 100 MHz)  24.26 ppm (CH2-SH), 59.04 ppm (CH3-O), 70.25 - 71.96 ppm (CH2-
O), 72.90 ppm (HS-CH2-CH2). 
Synthesis of thioglycolic acid ethyl ester (14) 
A mixture of thioglycolic acid (5.0 mL, 72 mmol), p-toluenesulfonic acid (4.8 g, 25 mmol), ethanol 
(50 mL) and MgSO4 (10.0 g) was refluxed for 16 h under N2 atmosphere. The mixture was filtered, 
solvents were removed under reduced pressure and the resulting solid was purified using automated 
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flash column chromatography (Biotage) using a gradient of ethyl acetate and petroleum ether 40-60, 
yielding a colorless liquid (3.14 g, 36 %). 
1
H NMR (CDCl3, 400MHz)  1.27 ppm (t, 3H, CH3), 2.04 ppm (t, 1H, SH), 3.26 ppm (d, 2H, HS-
CH2) 4.19 ppm (q, 2H, CH3-CH2). 
13
C NMR (CDCl3, 100MHz)  13.89 ppm (CH3), 26.29 ppm (HS-CH2), 61.37 ppm (CH3-CH2), 
170.58 ppm (C=O), NMR results in accordance with literature.
[2]
 
 
Thiol-ene click chemistry 
In general, to a solution of 10 mg Si NP-ene (1) (approx. 0.1 mmol alkene groups as determined by 
1
H NMR spectroscopy with an internal standard) in chlorobenzene or DMF, an excess of the thiol and 
0.2 eq. of photoinitator with respect to the thiol were added, the reaction was stirred at room 
temperature while exposed to UV light (365 nm) under ambient conditions. 
 
Synthesis of Si NP-TAA (2) 
A solution of thioacetic acid (200 L, 2.8 mmol), 2,2’-dimethoxy-2-phenylacetophenone (DMPA) in 
chlorobenzene (100 L 100 mg/mL; 40 mol) and Si NP-ene (1) (10 mg) was stirred for 1 h at room 
temperature while irradiating with UV light (365 nm). Solvent was evaporated and the Si NPs were 
purified using SEC using chloroform as eluens, yielding Si NP-TAA (2) as an orange wax (9 mg). 
Synthesis of Si NP-EO3 (4) 
A solution of DMPA in DMF (100 L 100 mg/mL; 40 mol), MeO-EO3-SH (13) (120 L, 0.8 
mmol) and Si NP-ene (1) (10 mg) was stirred for 1 h at room temperature while irradiating with UV 
light (365 nm). Solvent was evaporated and the Si NPs were purified with SEC using chloroform as 
eluens, yielding in Si NP-EO3 (4) as an orange wax (13 mg). 
Synthesis of Si NP-OH (3) 
A solution of DMPA in DMF (100 L 100 mg/mL; 40 mol), 2-mercaptoethanol (200 L, 2.8 
mmol) and Si NP-ene (1) (10 mg) was stirred for 1 h at room temperature while irradiating with UV 
light (365 nm). Solvent was evaporated and the Si NPs were purified with SEC using chloroform as 
eluens, yielding Si NP-OH (3) as an orange wax (10 mg). 
Synthesis of Si NP-COOH (6) 
A solution of thioglycolic acid ethyl ester (TGAEE, 14) (100 L, 0.8 mmol), 2,2’-dimethoxy-2-
phenylacetophenone (DMPA)  in chlorobenzene (100 L 100 mg/mL; 40 mol) and Si NP-ene (1) (10 
mg) was stirred for 1 h at room temperature, while irradiating with UV light (365 nm). Solvent was 
evaporated and the Si NPs were purified using SEC with chloroform as eluens, yielding Si NP-TGAEE 
(2) as an orange waxy material (12 mg). To the solvent-free Si NPs, an ice-cooled slurry of KOtBu in 
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dry diethyl ether (100 mg, 0.9 mmol in 3 mL diethyl ether, with 4 L (0.2 mmol) water) was added and 
stirred for 72 h. Water (2 mL) was added the solution was neutralized, and the solvents were 
evaporated, yielding Si NP-COOH (6) as a white powder (8 mg). No evidence of remaining KOtBu or 
incomplete deprotection of the ethyl ester were found in 
1
H NMR. 
Synthesis of Si NP-EO4-COOH (7) 
A solution of 15-mercapto-4,7,10,13-tetraoxa-pentadecanoic acid (HS-EO4-COOH) (200 mg, 0.7 
mmol), DMPA  in chlorobenzene (100 L 100 mg/mL; 40 mol) and Si NP-ene (1) (10 mg)  was 
stirred for was stirred for 1 h at room temperature while irradiating with UV light (365 nm). Solvent 
was evaporated and the Si NPs were purified using SEC with chloroform as eluens, yielding Si NP-
EO4-COOH (7) as an orange waxy material (18 mg). 
Synthesis of Si NP-PEG3000-COOH (8) 
A solution of -thio- -carboxy poly(ethylene glycol) PEG-MW 3000 Dalton (HS-PEG3000-COOH) 
(450 mg, 0.15 mmol), 4,4'azobis(4 cyanovaleric acid) (ACVA) in DMF (100 L 110 mg/mL; 40 mol, 
N2-bubbled) and Si NP-ene (1) (10 mg)  was stirred for 5 h at 80 °C. Solvent was evaporated and the Si 
NPs were purified using Amicon Ultra-4 3000 Da NWCO, yielding Si NP-PEG3000-COOH (8) as an 
orange waxy material (325 mg). 
 
DNA coupling to Si NPs (9, 10, 11) 
All tubes, pipette tips, buffers and water were sterilized before use by autoclaving at 120 ºC for 20 min. 
DNA containing samples were stored in the freezer or on ice before and in between measurements. All 
handlings involving DNA were carried out wearing gloves. 
The DNA sequence coupled to the Si NPs is 5’→3’ 
ACGTTCGGCATTGTGGGCAGAGTGAAGTATTGGCA 
AACGTTAAGTGCCGAACTAGATCTGACCTAACGGTAAGAGAGTTTCATAATACGTCCAGCCGCAT with 
a 3’-amino modification. The complementary strand has the following sequence: 5’→3’ 
ATGCGGCTGGACGTATTATGAAACTCTCTTACCGTTAGGTCAGATCTAGTTCGGCACTTAACGTTTGCC
AATACTTCACTCTGCCCACAATGCCGAACGT with a 3’-atto 488 modification. The sequence was 
determined by a random DNA generator with 50% GC content 
(http://www.faculty.ucr.edu/~mmaduro/random.htm) and checked with the DNA melt server if the 3’ 
side was not folded, but available for coupling. (http://mfold.rna.albany.edu/?q=DINAMelt/Two-state-
folding) 
In an Eppendorf tube, to a solution of Si NPs (~ 5 nmol) in phospate buffer, (0.1 M, pH 6.5) N-(3-
dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC HCl, 955 g, 5.0 mol, from freshly 
prepared concentrated stock in phosphate buffer, pH 6.5) and N-hydroxysuccinimide (NHS, 575 g, 
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5.0 mol, from freshly prepared concentrated stock in phosphate buffer, pH 6.5) were added. The total 
volume of the solution was brought to 100 L, and the solution was shaken for 30 min at room 
temperature. 3’-amino-modified DNA (50 nmol) was added and the solution was shaken for 4 h at 
room temperature. The samples were purified by Amicon Ultra-0.5 50 kDa NWCO centrifugal units, 
by washing 6 times with phosphate buffer.  
By UV-absorption, the amount of DNA in the samples was determined, and 1.5 eq of the 3’-atto 488 
modified complementary strand was added, and the solution was heated to 80 °C for 1 min and cooled 
to room temperature before putting on ice. The samples were purified by Amicon Ultra-0.5 50 kDa 
NWCO centrifuge tubes, by washing 3 times with phosphate buffer. 
Agarose gel electrophoresis 
A standard 2% agarose gel was prepared by dissolving agarose (2 g) in 0.5× TBE buffer (100 mL) 
upon heating in the microwave until nearly cooking. The solution was cooled to 40 °C and ethidium 
bromide (3 L, 10 mg / mL) was added and the solution was poured in the rack and left to solidify. 
Samples were loaded (150 - 200 ng DNA / lane) using loading buffer and a 1kb+ ladder was used as a 
reference. The gel was run at 100V for 60 minutes and analyzed with UV.  
Optical measurements 
UV spectra were recorded on a Varian Cary 50 UV-Vis spectrophotometer using 1,2-dichloroethane 
as solvent. For steady-state and time-resolved fluorescence measurements, the concentrations were 
adjusted to OD exc ≤ 0.1. All fluorescence measurements were performed on an Edinburgh 
Instruments FLS900 fluorescence spectrometer using the F900 software. A 334 nm pulsed LED and 
372 nm pulsed diode laser (PicoQuant, Berlin) were used for the fluorescence lifetime measurements. 
Fluorescence emission lifetimes were measured at the corresponding fluorescence emission maxima 
and the resulting data was fitted with the Fasta program of Edinburgh Instruments. Fluorescence 
anisotropy was measured at 25 ± 1°C using a 334 nm pulsed LED and 372 nm pulsed diode laser 
(PicoQuant, Berlin) at the corresponding emission wavelength maxima. Data was fitted using the F900 
program of Edinburgh Instruments. 
Quantum yields were measured by a comparative method, using quinine sulfate in 0.1 M H2SO4 ( exc 
= 350 nm,  = 0.58), 9,10-diphenylanthracene in cyclohexane ( exc = 366 nm,  = 0.95) and fluorescein 
in 0.1 M NaOH ( exc = 496 nm,  = 0.95 ± 0.05) as reference compounds. Si NP samples were 
dissolved in 1,2-dichloroethane. Data were corrected for optical density of the sample and refractive 
index of the different solvents used. 
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XPS measurements were performed on a Jeol JPS-9200 system using a standard Al K  source with 
an X-ray power of 300W, an analyzer pass energy of 10 eV, and energy resolution of < 0.65 eV. All 
C1s (C-C) were calibrated to binding energies of 285.0 eV. 
1
H (and 
13
C) NMR spectra were recorded on a Bruker 400 (100) MHz Avance machine with CDCl3 
or D2O as solvent. Chemical shifts are reported in parts per million ( ) relative to CHCl3 (7.26 ppm for 
1
H and 77.2 ppm for 
13
C) or H2O (4.79 ppm for 
1
H) as internal standard. 
Transmission electron microscopy (TEM) was performed on a Tecnai G
2
 Sphera TEM (FEI) 
operated at 200 kV. Samples were prepared by dropcasting a diluted solution of the nanoparticles on a 
carbon coated copper TEM grid (Agar Scientific). Images were analyzed with ImageJ v. 1.42e. 
 
 
2. Formulas for PDI and amplitude weighed fluorescence lifetime 
 
The radius-based polydispersity index (PDI) was calculated using the following formula: 
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With Rw the radius weight average, Rn the radius number average, Ri the radius of Si NP i, and  the 
density of the Si NP. A PDI of 1 indicates a perfectly monodisperse collection. 
 
The amplitude weighed fluorescence lifetime was calculated using the following formula: 
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3. Table with fluorescence lifetime data 
Table S1. Fluorescence emission lifetimes of Si NPs, before and after thiol-ene functionalization, exc = 
372 nm. Samples 1-4 are measured in 1,2-dichloroethane, samples 6-8 in phosphate buffer pH 6.5.  
Sample av (ns) 
Si NP-ene (1) 3.40 
Si NP-TAA (2) 4.27 
Si NP-OH (3) 3.73 
Si NP-EO3 (4) 3.75 
Si NP-TGA (6) 4.35 
Si NP-EO4-COOH (7) 3.18 
Si NP-PEG3000-COOH (8) 3.77 
 
 
4. Model of Si NP-ene (1) 
 
Based on 
1
H NMR results, when the integral of the signals for the alkene (4.96 ppm and 5.79 ppm) 
are set to 3, the total integral of CH2-protons is 10.25 (0.30 ppm to 3.20 ppm). Since the CH2-part of 
the butene contains 4 protons in this region, an integral of 6.25 is left for the octane chains. These 
contain 17 protons, which makes a ratio of 1 : 0.36 for the butene : octane content on the surface of the 
Si NP. 
 
Figure S1. Impression of the coating of a Si NP. 
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5. 
1
H DOSY NMR spectrum of Si NP-ene (1)  
 
Figure S2. 
1
H DOSY NMR spectrum of Si NP-ene (1). Right: more zoomed to show the bromo-alkane 
part (3.5 - 4.5 ppm) of the spectrum. Horizontal axis indicates the 
1
H chemical shift (ppm), vertical axis 
the relative diffusion coefficient (log m/s
2
) 
 
6. 
1
H, 
13
C, COSY and HSQC NMR spectra of Si NPs 
 
Figure S3. 
1
H COSY NMR spectrum of Si NP-ene (1). Both axes indicate the 
1
H chemical shift (ppm). 
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Figure S4. HSQC NMR spectrum of Si NP-ene (1). Horizontal axis indicates the 
1
H chemical shift 
(ppm), vertical axis indicates the 
13
C chemical shift. 
 
Figure S5. 
13
C NMR spectrum of Si NP-TAA (2) 
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Figure S6. 
1
H COSY NMR spectrum of Si NP-TAA (2). Both axes indicate the 
1
H chemical shift 
(ppm). 
      
Figure S7. 
1
H NMR spectrum of Si NP OH (3) 
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Figure S8. 
1
H NMR of Si NP-EO3 (4) 
      
Figure S9. 
1
H NMR of Si NP-EO4-COOH (7) 
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7. FTIR spectra of modified Si NPs 
 
Figure S10. FTIR of Si NP 3, 5, 6, 8. 
 
8. UV absorption and fluorescence emission spectra of modified Si NPs 
 
Figure S11. Left: UV-absorption and Right: fluorescence emission of Si NP 3, 6, 7, 8. Samples are 
measured in 1,2-dichloroethane (3, 6) or phosphate buffer pH 6.5 (7, 8). exc = 430 nm. 
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9. XPS spectra of modified Si NPs  
 
Figure S12. XPS wide scan and narrow scan of the C and Si region of Si NP-ene (1)  
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Figure S13. XPS wide scan and narrow scan of the Si, C and S region of Si NP-TAA (2) 
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Figure S14. XPS wide scan and narrow scans of the C, Si, O, S regions of Si NP-EO3 (4) 
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Figure S15. XPS wide scan and narrow scans of the Si, O regions of Si NP-EO4-COOH (7).  
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Figure S16. XPS narrow scan of the Si region of an intentionally oxidized Si NP sample.  
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